INTRODUCTION {#sec1-1}
============

Hepatitis B virus (HBV) infection is a serious public health problem worldwide, especially in Asia and Africa. The disease can develop into chronic hepatitis, cirrhosis, hepatocellular cancer, and finally death. Therefore, the incidence of the disease varies from the person-to-person,\[[@ref1][@ref2]\] but the mechanism of disease is not clearly found. Most likely, there is a close connection between T-cells and modes of infections.\[[@ref3]\] Interleukin 10 (IL-10),\[[@ref4]\] IL-28,\[[@ref5][@ref6]\] macrophage migration factor,\[[@ref7]\] interferon lambda 4\[[@ref8]\] are proteins that control the cascades of the human immune system in chronic infections such as HBV/hepatitis C virus (HCV) through the reduction of the viral replication. Furthermore, the genetic history of individuals has a significant impact on the incidence of disease.\[[@ref9]\] On the other hand, the concentration of regulatory proteins in the blood can also affect the course of the disease.\[[@ref10]\] Genetic changes such as single nucleotide polymorphisms (SNPs) in the sequences that affect the function of the gene can change the production of protein.\[[@ref11]\]

The host immune responses are supported by the connective tissue (CT). The structure and normal function of CT is affected by the molecular composition of its extracellular matrix (ECM) which contains glycoproteins and structural proteins.\[[@ref12]\] Abnormal synthesis or degradation of ECM contents such as laminin, collagen, and elastin can change the pathophysiology of infectious and some diseases including prolapse.\[[@ref13]\] The results have revealed that the amount of collagen decreases in the CT of patients with female pelvic floor disorders.\[[@ref14]\] Furthermore, an increase or no changes have reported in collagen expression in patients with stress urinary incontinence.\[[@ref15]\] Moreover, ECM deficiency leads to fibrosis which is the result of failing in normal tissue contents and function. After a chronic infection, a wound-healing response induces in tissues. This phenomena causes a new ECM for maintaining the tissue homeostasis. If the infection is long-lasting, or the genetic mutations are existing in ECM pathways, may result in the fibrosis and disease severity.\[[@ref16]\] The host immune responses against HBV infection involves signaling pathways and regulatory systems which can be disrupted. In this pilot study, we describe how the SNPs of L-leucine-7-amido-4-methyl coumarin 1 (LAMC1) contribute to susceptibility to chronic HBV infection. Laminin is a noncollagenous element of the basement membranes. It has been contributed to cell adhesion, differentiation, migration, signaling, and metastasis. Laminin has three nonidentical chains: Laminin alpha, beta and gamma. LAMC1 codes the laminin gamma1 chain, as a critical component of the ECM.\[[@ref16]\] Previous studies indicated that the *rs10911193T* allele in the gene promoter was significantly prevalent among patients with prolapse.\[[@ref17]\] The goals of this pilot study were to determine if polymorphisms in the LAMC1 gene (*rs20558*, *rs20563*, *rs10911193, rs10911251*, and *rs1413390*) were associated with the susceptibility to chronic HBV infection in a sample of Iranians.

METHODS {#sec1-2}
=======

Study subjects {#sec2-1}
--------------

In this case--control, 100 chronic HBV patients showing positive hepatitis B virus surface antigen (HBsAg) and antibodies against anti-HBc and impaired liver function test (≥2 times the upper limit of normal) for at least 6 months were enrolled into the study (age: 29.03 ± 5.710, age range of 18--43). Serological tests (presence of HBsAg by enzyme-linked immunosorbent assay (ELISA) and HBV-DNA by reverse transcription polymerase chain reaction (PCR) and clinical findings were compatible with the chronic liver disease. 40 patients with negative HBsAg and anti-HCV and positive antibodies against anti-HBs and anti-HBc were also included as spontaneously recovered (SR) group (age: 29.72 ± 5.517, the age range of 18--42). The control group comprised 100 HBsAg, anti-HBs and anti-HBc negative, healthy volunteers with normal values for alanine transaminase, without any history of hepatitis B infection (age: 30.44 ± 4.539, the age range of 22--45). All participants were in the same geographical area. All participants were unrelated Iranians. There was no difference between groups regarding age, gender, and ethnicity \[Supplementary Table 1\]. Participants with HCV, Hepatitis E virus, HAV, HIV, alcohol consumption, drug abuse, liver diseases were excluded from the study. Between July and December 2015, the study population was recruited, and they were enrolled in the outpatient clinic of the blood transfusion organization clinics in Zahedan, Iran. The study was approved by the Institutional Ethics Committee of the Zahedan University of Medical Sciences (IR. ZAUMS. REC.1395.159, grant number: 6809) and carried out in Infectious Diseases and Tropical Medicine Research Center, Zahedan, Iran. Written informed consent was obtained from each participant.

###### 

Demographic data of chronic hepatitis B patients, spontaneously recovered subjects and control group

###### 

Click here for additional data file.

Analysis of the serum laminin {#sec2-2}
-----------------------------

Biochemical parameters and serum level of laminin were determined by the sensitive sandwich ELISA technique (EASTBIOPHARM, China) using 3 ml of blood.

Polymorphism genotyping {#sec2-3}
-----------------------

Genomic DNA was extracted from blood using the salting-out method. The LAMC*1* polymorphisms rs20563 and rs10911193 were detected by PCR--restriction fragment-length polymorphism (PCR-RFLP). The *rs20558*, *rs10911251*, and *rs1413390* were analyzed by amplification-refractory mutation system (ARMS-PCR). The sequence of the primers, restriction enzymes, and the fragment length after digestion is shown in Supplementary Table 2.

###### 

polymerase chain reaction--restriction fragment-length polymorphism and amplification-refractory mutation system-restriction fragment-length polymorphism based assay of *rs20558, rs20563, rs10911193, rs10911251, rs1413390* single nucleotide polymorphisms

###### 

Click here for additional data file.

PCR amplification was carried out in a total volume of 20 μL containing 1 μl of each primer, 100 ng of template DNA and 10 μl of 2X Prime Taq Premix (Genet Bio, Korea) and 7 μl ddH~2~O. The annealing temperature was 60°C for *rs20563*, 59°C for *rs10911193* polymorphisms of the LAMC1. Digestion was done by the restriction enzymes (Fermentas, Vilnius, Lithuania) and products were checked by electrophoresis (2% agarose gel and ethidium bromide).

ARMS-PCR reactions were performed using 2X Prime Taq Premix (Genet Bio, Korea). For each sample, we used two tubes, one for wild allele and another tube for the mutant allele. In each 0.20 ml reaction, 1 μl of each primer (allele-specific and inner control primers), 1 μl of genomic DNA (\~100 ng/ml) and 10 μl of 2X Prime Taq Premix (Genet Bio, Korea) and 5 μl ddH2O were added. One tube contained forward primer (F) and reverse primer (R1) for wild allele and the other tube contained forward primer (F) and reverse primer (R2) for the mutant allele. All tubes had forward primer and reverse primer for inner control (F, R) which was part of the LAMC1 gene sequence. PCR reaction was performed according to the following protocol: initial denaturation: 95°C for 5 min, 35 cycles of denaturation: 95°C for 30 s, annealing: 57°C *rs20558*, 59°C for *rs10911251*, and 60°C for *rs1413390* for 30 s, extension: 72°C for 30 s and final extension: 72°C for 5 min. The amplified products were resolved by electrophoresis in 2% agarose gel and stained with ethidium bromide.

Statistical analysis {#sec2-4}
--------------------

Descriptive statistics were conducted using SPSS 20.0 (IBM, Armonk, NY, United States of America) and assuming an alpha level of 0.05. Data were expressed as a mean ± standard deviation. The comparing the data were done by Chi-square analyses and Student\'s *t*-test. To test for association of single SNPs with disease, we constructed logistic regression models.

RESULTS {#sec1-3}
=======

Summary results of the clinical characteristics are shown in Supplementary Table 1. The population of the study was comprised chronic HBV-infected, SR and healthy controls. The gender, ages, and ethnicities were not significantly different between the three groups (*P* = 0.427, *P* = 0.125, and *P* = 0.292).

Genotype analysis {#sec2-5}
-----------------

Genotyping findings of *rs20558*, *rs20563*, *rs10911193, rs10911251*, and *rs1413390* in the laminin gene are listed in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

###### 

The frequency of genotypes and alleles of the *rs20558, rs20563, rs10911193, rs10911251, rs1413390* polymorphisms between chronic hepatitis B patients, spontaneously recovered subjects and control group

![](JRMS-23-62-g001)

###### 

The frequency of genotypes and alleles of the rs20558, rs20563, rs10911193, rs10911251, rs1413390 polymorphisms between chronic hepatitis B patients and spontaneously recovered subjects/control group (control + spontaneously recovered)

![](JRMS-23-62-g002)

The distribution of polymorphisms in control group was based on the Hardy--Weinberg equilibrium (*P* = 0.152 for *rs20558*, *P* = 0.101 for *rs20563*, *P* = 0.180 for rs10911193, *P* = 0.074 for *rs10911251*, and *P* = 0.0681 for rs1413390 *P* \> 0.05).

Distribution of the rs20558C allele had higher frequency in HBV patients compare to the *rs20558T* allele and increased risk of disease (*P* = 0.001, odds ratio \[OR\] = 2.062, 95% confidence interval \[CI\] = 1.360--3.125). Distribution of the *rs20563G* allele had higher frequency in HBV patients compared to the rs20563A allele and increased risk of disease (*P* = 0.001, OR = 2.062, 95% CI = 1.360--3.125). Distribution of the rs10911193T allele had higher frequency in HBV patients compare to the rs10911193C allele and increased risk of disease (*P* = 0.008, OR = 1.826, 95% CI = 1.171-2.849) \[[Table 1](#T1){ref-type="table"}\].

This study showed that the existence of *rs20558C*, allele significantly increased risk of chronic HBV infection compared to the *rs20558T* allele (*P* = 0.001, OR = 2.062, 95% CI = 1.360--3.125). In addition the results showed that the rs20563G allele significantly increased risk of chronic HBV infection compared to the rs20563A allele (*P* = 0.001, OR = 2.062, 95% CI = 1.360--3.125). On the other hand, the results revealed that *rs10911193T* allele significantly increased risk of chronic HBV infection compared to the rs10911193C allele (*P* = 0.008, OR = 1.826, 95% CI = 1.171--2.849) \[[Table 1](#T1){ref-type="table"}\].

For *rs10911251* and rs1413390 polymorphisms, no significant differences in allele or genotype frequencies between groups were found \[[Table 1](#T1){ref-type="table"}\]. The results showing that there is not any relationship between the *rs10911251A* (*P* = 0.974) and *rs1413390T* (*P* = 0.116) and elimination of HBV \[[Table 2](#T2){ref-type="table"}\].

We calculated the *rs20558*, *rs20563, rs10911193*, *rs10911251*, *rs1413390* haplotype association analysis, and found 5 genotypes. As shown in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}, the distribution frequency of haplotypes showed a significant association between chronic HBV infection compared to the C and SR groups. In our study, CGTAT haplotype had a higher frequency in HBV patients than C and SR groups. It means that this haplotype might relate to the natural history of the infection. Linkage disequilibrium (LD) analysis indicated that the rs20558 variant was in complete LD with the rs20563 variant (*R*^2^ = 1) \[[Table 3](#T3){ref-type="table"}\].

###### 

Haplotype frequencies (*rs20558, rs20563, rs10911193, rs10911251, rs1413390*) in chronic hepatitis B patients, spontaneously recovered subjects and control group
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###### 

Haplotype frequencies (*rs20558, rs20563, rs10911193, rs10911251, rs1413390*) in chronic hepatitis B patients and spontaneously recovered subjects/control group (control+spontaneously recovered)

![](JRMS-23-62-g004)

Analysis of serum laminin level {#sec2-6}
-------------------------------

Serum levels of the laminin were significantly increased in the chronic HBV patients compared to the healthy groups (C + SR) (48.16 ± 14.19, 51.56 ± 11.53, 83.13 ± 15.43, in C, SR and HBV groups, respectively, *P* \< 0.001). Statistical analysis indicated a significant association between laminin genotypes and serum levels of the laminin in HBV patients \[[Table 5](#T5){ref-type="table"}\]. Chronic HBV patients with *rs20558CC*, *rs2056GG*, and *rs10911193TT* genotypes had higher levels of laminin compared to rs20558TT (*P* = 0.038), *rs2056AA* (*P* = 0.038), and *rs10911193CC* (*P* = 0.039) genotypes, respectively. The results showed that subjects with at least one *rs20558C*, *rs2056G*, and *rs10911193T* alleles had increased levels of laminin, compared to the other alleles \[Supplementary Table 3\].
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Association of genotypes of *rs20558, rs20563, rs10911193, rs10911251, rs1413390* polymorphisms with serum laminin levels between chronic hepatitis B patients and spontaneously recovered subjects/control group (control+spontaneously recovered)
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###### 

Association of haplotypes of *rs20558/rs20563/rs10911193/rs10911251/rs141339* polymorphisms with serum laminin levels between chronic hepatitis B patients and spontaneously recovered subjects/control group (control + spontaneously recovered)

###### 

Click here for additional data file.

DISCUSSION {#sec1-4}
==========

In this case--control analysis of LAMC1 genetic variance, we provide important evidence that LAMC1 is a potential candidate gene for increased susceptibility to chronic HBV infection in Iranian populations. Although we did not find an association between the rs10911251, rs1413390 SNPs and chronic infection, we found a relationship between *rs20558*, *rs20563*, and *rs10911193* SNPs and disease that strictly indicated a trend toward significance. The *rs20558* and *rs20563* were in the complete LD and confirmed the association between CGTAT haplotype and risk of chronic infection. In addition, we found that the serum level of laminin was significantly associated with susceptibility and risk of the chronic HBV infection.

LAMC1 gene is of great interest due to the important role of laminin in ECM normal function. There are numerous supporting evidence that indicating the particular interest of LAMC1. LAMC1 gene may involve in chronic HBV infection, and further investigations can describe its possible involvement in disease pathology.

LAMC1 gene encodes the γchain of laminin which is one of the ECM glycoproteins and produce the noncollagenous portion of the basement membranes.\[[@ref13]\] Nikolova *et al*.\[[@ref17]\] reported that the rs10911193 minor T allele was more prevalent among patients with early-onset prolapse. Chen *et al*.\[[@ref18]\] indicated that LAMC1 *rs10911192*, *rs20563*, and *rs20558* SNPs did not associate with prolapse in Caucasians and African--Americans patients with prolapse, which might be due to their small sample size. The current study showed that *rs20563* and *rs20558* SNPs had a trend toward significance. The *rs20563* G allele causes substitution of isoleucine to valine. This phenomenon is somehow conservative shift because both isoleucine and valine have hydrophobic side chains. The *rs20558* C allele leads to insufficient conservative substitution from leucine to proline. These changes associated with tolerated and benign effects on the protein expression and function.\[[@ref19]\]

The *rs10911193* polymorphism is located upstream of the start site of the gene and may play a role in causing the chronic infection. This polymorphic region can affect the efficiency of the binding site for NFIL3. NFIL3 is transcriptional repressor and simultaneously expressed with LAMC1.\[[@ref20]\] This function of NFIL3 can increase expression of laminin gene which has polymorphism. The interaction between NFIL3 and LAMC1 also can affect the signaling pathway of IL three which is a regulatory cytokine in the host immune system.\[[@ref21]\] Since we also found the significantly different frequency of *rs10911193* genotypes in chronic HBV patients and found an increased serum level of laminin in patients compared to the healthy controls, we hypothesized that it has a role in the existence of the chronic HBV infection. Therefore, it is recommended to analysis the association of LAMC1 polymorphisms with other outcomes of the HBV infection.

The effective role of LAMC1 in encoding the laminin γ subunit attracted our attention. Collagen IV, laminin, nidogen, and perlecan are the main glycoproteins of the basement membranes. Laminin, as a noncollagenous member, is a heterogenous glycoprotein, which, can regulate various biological processes such as proliferation, differentiation, and migration of the cells.\[[@ref22]\] Laminin molecules contain α, β and γ chains which produce 15 distinct isoforms. Laminin γ1 subunit has a widespread distribution between laminin isoforms and basement membranes.\[[@ref23]\] Furthermore, laminin has important role in the interaction of ECM molecules.\[[@ref24]\] Therefore, changes in gene structure or expression can affect the host immune responses against pathogens. In addition, it has been reported that laminin may contribute to liver fibrosis during liver inflammations. Laminin has also been associated with normal tissue architecture and function through CT remodeling, and deficiency in gene function leads to progressive organ failure.\[[@ref16]\] Laminin deficiency related-inflammation can affect numerous organs in the human body and causes serious diseases such as liver chronic inflammation, cardiovascular diseases, pulmonary fibrosis and chronic kidney disease.\[[@ref25]\] According to the important role of laminin and specifically LAMC1, it seems that LAMC1 gene might have an effect in the predisposition of chronic HBV infection. *In vivo* studies indicated that deficiency of γ1 subunit could change the polymerization of the laminin molecule and also, other ECM proteins could not compensate the laminin production. Therefore, basement membranes were unable to cell migration, specifically, immune regulatory cells.\[[@ref26]\] Moreover, the studies have been reported that genetic variation in LAMC1 gene might alter the interaction between LAMC1 and nidogen during cell development, which is crucial for the development of hepatic cells in the liver.\[[@ref16]\] The role of LAMC1 in liver development emphasizes that the gene may have a role in physiology and maintenance of hepatic organs.

It has been identified that a number of severe tissue integrity disorders caused by mutations in the coding sequence of laminin gene. Bonneau *et al*.\[[@ref27]\] implicated that LAMB1 gene deficiency was related to the cutis laxa. Helbling-Leclerc *et al*.\[[@ref28]\] indicated that LAMA2 gene variation was associated with the muscular dystrophy. The study of Pulkkinen *et al*.\[[@ref29]\] and Vidal *et al*.\[[@ref30]\] found that genetic variation in LAMB3 and LAMA3 genes were associated with Herlitzjunctional Epidermolysis bullosa. Based on the present study, the LAMC1 polymorphism in the promoter region is obvious mutation which can explain the risk of HBV infection and disease severity. It is likely that the polymorphism in LAMC1 gene is the risk factor for the existence of HBV infection and also is in LD with other mutations in laminin gene.

Further studies with regard to the functional and population association between LAMC1 and chronic HBV infection can better explain the role of LAMC1 in the prediction of disease. In the current study frequency of the *rs20558C*, *rs20563G*, and *rs10911193T* alleles significantly increased in a sample of Iranian patients with HBV infection. This finding supports the predictive capacity of LAMC1.

CONCLUSIONS {#sec1-5}
===========

To the best of our knowledge, some SNPs studied have important effects on the susceptibility and outcomes of HBV infection. Furthermore, we found that laminin levels probably be dependent on the severity of the infection. Determination of the real effects of laminin polymorphisms needs more detailed studies. The restrictions of the current study, likely include sample size, different cultural backgrounds, epidemiological and geographical factors, study conditions and different gene-gene interactions. The results have shown the role of genetic polymorphisms of *rs20558*, *rs20563*, *rs10911193*, *rs10911251*, and *rs1413390* of LAMC1 gene in the chronic HBV infection, and elucidated an association between chronic HBV infection and LAMC1 gene polymorphisms.
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